Introduction {#S0001}
============

Major depressive disorder (MDD) is one of the most common psychiatric disorders and is the leading cause of disability worldwide.[@CIT0001],[@CIT0002] The disorder is a common mental health problem even in adolescents, affecting 4 to 5% of mid to late adolescence.[@CIT0003] Adolescents with depression have a major risk of suicide, which is the leading cause of death in this population.[@CIT0004] Core symptoms of persistent and pervasive sadness, along with a loss of interest or pleasure in activities, are diagnostic criteria applied independently of age. Moreover, associated symptoms including low self-esteem, excessive guilt, suicidal thoughts or behaviors, changes in sleep and appetite, and psychomotor agitation retardation are also diagnostic criteria for all ages.[@CIT0005] However, marked irritability is also recognized as a cardinal mood symptom for children and adolescents in the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) criterion set.[@CIT0005] Depression in adolescents is often challenging to recognize in the clinical setting, possibly due to prominence of mood reactivity, irritability, and fluctuation in symptoms.[@CIT0006] Furthermore, depression in adolescents can be missed when the chief complaints are unexplained physical symptoms, other psychiatric symptoms, refusal to attend school, or behavioral problems.[@CIT0007] Such a variety of depressive symptoms in adolescents may cause social and educational impairments as well as an increased rate of comorbidities.[@CIT0008],[@CIT0009]

As challenging as its recognition, depression in adolescents may have unfavorable long-term consequences. Clinical studies of depression in adolescents show that it is a chronic and recurrent condition. Although most episodes remit within a year, 50--70% of patients likely develop a further episode within five years.[@CIT0010] Depression in adolescence often proceeds through a process of chronification and predicts a broad range of difficulties in social functioning and psychiatric comorbidities, such as anxiety disorder persisting into adulthood.[@CIT0005],[@CIT0010]

For successful treatment and prevention of relapse and recurrence, adherence to antidepressant medication is crucial.[@CIT0011] However, medication adherence rates in chronic childhood illnesses vary from 10--89%.[@CIT0012] As far as the depressive disorder in adolescence is concerned, the rates of adherence to medication have been reported to be 49.5% and 42% during the acute and continuation phase, respectively.[@CIT0013] Since low adherence to medication in depressive disorder often leads to treatment failure and chronification of the disorder into adulthood, evaluating the factors associated with adherence in adolescents seems essential. Most of the previous studies have mainly focused on the evaluation of treatment adherence in adults with psychopathological or other medical problems.[@CIT0014]--[@CIT0016] Up until now, there have been limited number of studies regarding the relationship between medication adherence in adolescents with depression, especially using the Medication Event Monitoring System (MEMS), the objective reference standard.[@CIT0014]

The currently used assessment methods to examine medication adherence in adolescents are the child report, parent report, pill count, and measurement of medication concentrations in urine or blood samples.[@CIT0017] Indirect methods such as self-report questionnaires or pill count often show overestimation of adherence.[@CIT0012] Direct methods of assessment, such as the measurements of the concentrations of medication in urine or blood samples, maybe more accurate but are resource consuming and invasive.[@CIT0017] The MEMS is a device that records the time and date that a pill bottle was opened through an electronic computer chip implanted into the cap of the pill bottle. Data obtained from the MEMS are downloaded directly to a computer program for analysis.[@CIT0018] This device allows objective assessment of medication use both in the clinical and research settings, and is currently regarded as the objective reference standard for measuring adherence.[@CIT0014] In this study, MEMS was used to evaluate antidepressant adherence in adolescents with depression.

The primary aim of this prospective study was to examine differences in adherence to antidepressants as estimated by self-report, the clinician's rating scale, pill count, and MEMS in adolescents with depressive disorder. The secondary aim was to explore the relationships between medication adherence and clinical factors, including duration of illness, symptom severity, side effects, perception of social support, and parental stress level, to identify the possible point of intervention to enhance medication adherence.

Patients and Methods {#S0002}
====================

Study Population and Procedures {#S0002-S2001}
-------------------------------

We recruited a total of 48 patients who were diagnosed with depressive disorder according to the DSM-IV from outpatient psychiatric settings at Korea University Medical Center, Guro Hospital in Seoul, Korea, from 2012 to 2018. Our inclusion criteria were as follows: (1) adolescents between the age of 12 and 18 years who (2) met the diagnostic criteria for the depression-related disorder as specified in the DSM-IV, ascertained by their doctors, and (3) were treated with a single antidepressant. Clinicians at Korea University Medical Center, Guro Hospital informed the parents/guardians and participants about the study. Written informed consent was obtained from each parent or guardian of each adolescent study participant as well as from each adolescent participant. After enrollment, the participants were given a single antidepressant medication in a bottle with an electronic monitor cap (the MEMS). Antidepressants prescribed in the study were fluoxetine, sertraline, escitalopram, duloxetine, mirtazapine, venlafaxine, and desvenlafaxine. Some patients also received trazodone, melatonin, and antipsychotics in addition to the antidepressant. However, only the antidepressant was given in MEMS. They were then asked to take their medication once daily and return for a follow-up visit after 1 month. The patients or guardians were not instructed to intervene in the process of taking medication any more than they usually do. At the follow-up visit, an interview was performed, and the medication adherence of each participant was assessed using the MEMS, as well as by other adherence measures. Patients that were excluded from our study included: (1) those with any disease resulting in cognitive dysfunction such as intellectual disability, (2) those who had received electroconvulsive therapy in the previous 6-month period, and (3) acutely suicidal patients. This study was approved by the Institutional Review Board of Guro Hospital, Korea University Medical Center. This study was conducted in accordance with the Declaration of Helsinki.

Assessments {#S0002-S2002}
-----------

Patient demographics, including age, sex, education level, and housing status, were obtained from a questionnaire, interview, and review of chart records. The duration of illness was defined as the period between the onset of depressive symptoms and the time of diagnosis. The duration of illness was obtained from a review of chart records as well. Historical information regarding the depressive disorder of each participant was also investigated.

Adherence {#S0002-S2003}
---------

Adherence was assessed using the MEMS, a pill count, a clinician rating scale, and a patient's self-report. Each variable, except the clinician's rating, was also treated as a dichotomous variable using a threshold of 80%.[@CIT0019] For the clinician's rating, a specific scale score of 5 or higher was designated as adherence.

MEMS {#S0002-S2004}
----

The primary outcome measure was the MEMS since it is known as the objective reference standard for the measurement of adherence. The downloaded data were used to evaluate whether the participants' bottles were opened according to the prescribed number of times daily. The proportion of the times the medication vial caps were opened in a given month, relative to the prescribed doses for that month, was obtained as a measurement of adherence to the antidepressant medication. The patients were informed of the MEMS cap's function before the start of the study. The results were dichotomized into adherence and nonadherence, using a threshold of 80%.

Pill Count {#S0002-S2005}
----------

The ratio of the actual pill count, as recorded by the investigator at the follow-up visit, was utilized to derive a pill count adherence index. The results were also dichotomized into adherence and nonadherence, using a threshold of 80%.

Clinician Rating Scale of Compliance {#S0002-S2006}
------------------------------------

The clinician's assessment of adherence was conducted with no information given about the MEMS cap data. We also realized that utilizing an absolute value from 0 to 100% was not realistic for the clinicians, so instead, we adopted an assessment scale -- the clinician rating scale of compliance.[@CIT0015] Measuring the patient's adherence by the researcher usually took approximately 10 minutes. General questions involving the patient's symptoms and sense of well-being, the patient's functional status, attitude towards taking medication, and the medications' side effects were evaluated. Moreover, a specific question, asking how many days the patient was adherent to the medication in the past month, was included as well. During the assessments, the clinician ensured that statements regarding the desirability of adherence were not made. The clinician rating scale is an ordinal scale of 1--7 (1 = complete refusal, 2 = partial refusal or only accepts minimum dose, 3 = accepts only because compulsory, or very reluctant/requires persuasion, or questions the need for medication often \[every two days\], 4 = occasional reluctance \[questions the need for medication once a week\], 5 = passive acceptance, 6 = moderate participation, some knowledge and interest in medication and no prompting required, 7 = active participation, readily accepts, and shows some responsibility for the regimen) with higher numbers reflecting better adherence.[@CIT0016] In previous studies that used this scale, a score of 5 or higher was used to designate adherence.[@CIT0015],[@CIT0016] Accordingly, we employed a score of ≤4 as the threshold for clinically meaningful nonadherence.

Patient Self-Report {#S0002-S2007}
-------------------

Participants were asked to estimate their adherence to antidepressant treatment between 0 and 100% at the study's endpoint. The results were dichotomized into adherence and nonadherence by using a threshold of 80%.

Side Effects {#S0002-S2008}
------------

The Toronto Side Effect Scale (TSES) was used to evaluate the side effects experienced by the participants. The Toronto Side Effect Scale is a 32-item instrument utilizing direct physician inquiry to elicit adverse events.[@CIT0020] The TSES was used to evaluate the incidence, frequency, and severity of the central nervous system (CNS), gastrointestinal (GI), and sexual side effects.[@CIT0020] Frequency and severity were measured on a 5-point Likert scale, and an intensity score was calculated by multiplying the frequency by the severity.[@CIT0020]

Clinical Symptoms {#S0002-S2009}
-----------------

Specific depressive symptoms were assessed using the Hamilton Rating Scale for Depression (HRSD) and the Childhood Depression Inventory--Korean version (K-CDI).[@CIT0021],[@CIT0022]

Social Support {#S0002-S2010}
--------------

Participants were asked to complete the Multidimensional Scale of Perceived Social Support (MSPSS). The MSPSS evaluates the perceptions of social support using a 12-item scale.[@CIT0023] Items are rated on a 7-point scale (1 = very strongly disagree and 7 = very strongly agree), with each of the three subscales (friends, family, or significant other), assessed by four individual items written in the present tense. The patients were asked to answer each question by reflecting on how they usually feel. The psychometric properties of the MSPSS were previously investigated in a non-Western country.[@CIT0024]

Parenting Stress Index-Short Form (PSI-SF) {#S0002-S2011}
------------------------------------------

Assuming that parental stress may affect adherence, we used the Parenting Stress Index-Short Form to evaluate stress levels. The Parenting Stress Index (PSI) is a 120-item parent-report questionnaire. A brief measure, known as the PSI-Short Form (PSI-SF), which consists of 36 items from the full PSI, was developed to reduce the burden of the lengthy PSI.[@CIT0025] The PSI-SF is based on several exploratory factor analyses of the full PSI and is comprised of three subscales, each consisting of items including the Parental Distress (PD), Parent-Child Dysfunctional Interaction (PCDI) and Difficult Child (DC) subscales, as well as a Total Stress scale.[@CIT0026]

Statistical Analysis {#S0002-S2012}
--------------------

To analyze the demographic characteristics of the participants, we calculated the means and standard deviations for the continuous variables, and frequencies and percentages for the categorical variables. We used a concordance correlation analysis that allows the evaluation of the degree to which pairs of observations fall on the 45° line through the origin, to assess agreement among the three continuous adherence measures.[@CIT0027] This correlation coefficient accounts for a measure of precision, as well as a measure of accuracy. To evaluate agreement among the three dichotomized adherence measures, we utilized Kappa statistics. Concordance correlation coefficients were calculated to analyze the relationship between MEMS, demographic variables, and clinical scale scores.

Results {#S0003}
=======

Demographic Characteristics and Other Clinical Characteristics of the Participants {#S0003-S2001}
----------------------------------------------------------------------------------

A total of 48 outpatients were enrolled in the study. Their mean age was 16.33±1.93 years, and 35 of the participants were female (72.9%), while the remaining 13 were male (27.1%). The mean duration of illness of the participants was 1.27±2.17 years. The most common diagnosis among the participants was MDD, single episode (68.7%). Clinical scales evaluating side effects, clinical symptoms, social support, and parenting stress index were evaluated at each visit. [Table 1](#T0001){ref-type="table"} provides the details of our participants' demographics.Table 1Participants\' Demographic Data and Clinical Variables (n=48)CharacteristicTotal (48)Age (Years)16.33 ± 1.93 (48)SexF72.9% (35)M27.1% (13)Education (Years)10.31 ± 1.74 (48)HabitatWith parents70.8% (34)With single parent18.8% (9)With single parent AND grandparent(s)2.1% (1)With stepfamily6.3% (3)With parents AND grandparents2.1% (1)Education statusMiddle school student25.0% (12)High school student64.6% (31)Drop-out8.3% (4)Elementary school student2.1% (1)Duration (Years)2.31 ± 2.46(48)Number of monitored days27.87 ± 0.76 (45)Number of depressive episodes1.00 ± 0.00 (40)DSM-IV diagnosisMajor depressive disorder, single episode68.7 (33)Major depressive disorder, recurrent14.6 (7)Dysthymic disorder10.4 (5)Depressive disorder not otherwise specified6.3 (3)[^1]

Adherence {#S0003-S2002}
---------

We evaluated adherence in two ways. First, we treated adherence as a continuous variable. The mean values for the various measures of adherence were as follows: MEMS 84.06±19.84%, pill count 80.3±17.50%, and self-report 74.1±23.94%. The mean score of the clinician rating scale scores for the cases was 4.71±1.52. We then converted the continuous results of this adherence into dichotomous variables (adherent/non-adherent). Employing this approach, the adherence rates for the MEMS, the clinician rating scale of adherence, the pill count, and the self-report were 67.5%, 48.9%, 60.0%, and 56.3%, respectively ([Table 2](#T0002){ref-type="table"}).Table 2Adherence ScalesAdherence ScaleTotal ScoreAdherent (Number of Patients)95% CINon-Adherent (Number of Patients)95% CIMEMS84.06 ± 19.8467.5% (27)0.509 to 0.81432.5% (13)0.816 to 0.491Clinician rating scale of compliance4.71 ± 1.5248.9% (22)0.337 to 0.64251.1% (23)0.358 to 0.663% Pill count80.3 ± 17.5060.0% (27)0.443 to 0.74340.0% (18)0.257 to 0.557Self-report74.1 ± 23.9456.3% (27)0.412 to 0.70543.8% (21)0.295 to 0.588[^2]

All the adherence measures were significantly correlated with each other ([Table 3](#T0003){ref-type="table"}). To evaluate how these adherence measures agreed with the MEMS when these variables were dichotomized, the Kappa coefficients were calculated to be 0.142 (clinician rating scale of compliance vs MEMS), 0.885 (pill count vs MEMS), and 0.204 (self-report vs MEMS) ([Table 4](#T0004){ref-type="table"})Table 3Spearman Correlation Coefficient Among the Adherence ScalesAdherence ScaleClinician Rating Scale of Compliance% Pill CountSelf-ReportMEMS.603\*\*.951\*\*.357\*p-value0.0000.0000.026[^3][^4] Table 4Kappa Coefficients Among the Adherence ScalesAdherence ScaleClinician Rating Scale of Compliance% Pill CountSelf-ReportMEMS0.1420.8850.204p-value0.3620.0000.220[^5]

We performed further analysis of the relationships between these adherence variables and other demographic variables (age, total number of years of education, and duration of illness). Age was not significantly correlated with any of the adherence measures. Duration of illness was correlated with adherence as measured by MEMS (r = 0.510, p =0.001) ([Table 5](#T0005){ref-type="table"}). Other demographic and clinical variables, including clinical scales, were not significantly correlated with adherence measured by the MEMS ([Table 5](#T0005){ref-type="table"}).Table 5Correlation Coefficient with MEMSAdherence ScaleTSESHRSDCDIMPSSPSI-SFAgeEducation (Years)Duration (Years)MEMS.000−.071−.122.001−.315−.136−.062.510\*\*p-value.999.664.454.996.079.402.703.001[^6][^7]

Discussion {#S0004}
==========

Low adherence in the adolescent population can be understood in the light of psychosocial and environmental factors. First, adolescence is a crucial time for development and change. During this period, not only do adolescents mature physically but cognitively as well. Despite such cognitive maturation, however, adolescents tend to believe more what they can see or have experienced, and cannot fully understand the long-term or unseen consequences of nonadherence. They often remain self-centered and feel invulnerable to consequences. Also, during this phase, they strive to gain independence and want to have control over their lives. Adolescents try to gain a sense of control over themselves by not following the rules set by authority figures; thus, not taking medication or adhering to appropriate treatment can be a way of confronting the authority of parents and professionals. The other crucial factor associated with adherence in adolescents is their relationship with parents, peers, and caregivers. They struggle to be accepted, and therefore, the negative perception of those around them may hinder adherence.[@CIT0028]

Adherence, as assessed by the MEMS, seemed higher than adherence recorded with the self-report and the pill count in our study. Likewise, the rate of adherence, as measured by the MEMS, seemed higher in the adherent group than the rates estimated by the three other measures when adherence was defined as a dichotomous variable. However, the differences were not statistically significant. A possible explanation for such finding is that opening the bottle does not necessarily mean swallowing the pills. The participants' awareness of the study may have encouraged them to open the bottle even when they were not taking the medication. Such discrepancy may have resulted in what appears as greater adherence assessed by the MEMS compared to that of the rates measured by other adherence measures.

Compared to the objective reference standard of adherence measurement (the MEMS), pill count exhibited a higher degree of agreement than did the other two adherence measures. The relatively higher Kappa coefficient of pill count reflects the compatibility of the pill count method. Our finding is supported by a similar study which also proposed pill count as an acceptable proxy for evaluating medication adherence in adolescents with depressive disorder.[@CIT0029] Taken together, our results indicate that pill count may be a considerably reliable measure of adherence. Although the MEMS is considered the objective reference standard of measurement, it is time and resource consuming, expensive, and therefore, may not be suitable for all.[@CIT0030] Considering the high degree of agreement with the MEMS (67.5% vs 60%), the pill count measurement may serve as a relatively reliable method of adherence measurement in a clinical setting.

The rate of adherence measured by MEMS was positively correlated with the duration of illness (0.510, p = 0.001), and we can infer that the longer the duration of illness, the better the adherence. The relationship between the degree of adherence and the duration of disease may be explained by the growing awareness of having a disorder.[@CIT0031] Another possibility is that parents' belief in the seriousness of illness may have increased over time and led to enhanced adherence.[@CIT0014] Such findings, however, need careful interpretation since a longer duration of illness may concurrently be a longer treatment duration. Those patients having a long treatment duration may have a greater tendency to adhere, and will also be more likely to engage in research.[@CIT0032]

All the adherence measures were significantly correlated with each other. The clinician rating scale score showed a relatively lower Kappa coefficient than did the other two adherence measures (the pill count and even self-report). Furthermore, in the non-adherent group, the clinician rating scale scored higher than that of the other adherence measures. These findings are in line with the results from a previous study and suggest that it may be difficult for a clinician to detect medication nonadherence in a clinical setting.[@CIT0013] This finding underscores the need to utilize more accurate and objective measurement in practice.

Age was not significantly correlated to adherence measures. However, in a previous study based on the adult population, age was significantly correlated with some adherence measures. There are a few possible explanations for such differences. First, cognitive decline, as well as physical decline, is often associated with a change in adherence level in the older population.[@CIT0033] Adolescence, on the other hand, is a time of maturation, and factors associated with lower adherence due to advancement in age do not influence them. Another possibility is that the age range included in our study was relatively narrow. Such a narrow age range is less likely to provide statistically significant results. Also, when we evaluated the direct relationship between medication adherence and social support, parenting stress index, and side effects, the correlation was not significant. This finding was also seen in previous studies highlighting various individual, psychosocial, and environmental factors that influence a patient's adherence.[@CIT0028] The influence of these factors may also vary within the same person throughout different stages of development.[@CIT0034] Therefore, such factors may require longitudinal observation in order to allow immediate and appropriate intervention over the years.

Based on reports of previous studies, we have inferred that parental stress, nevertheless, impacts the onset and course of depression in adolescents.[@CIT0025] Surprisingly, there was no correlation between adherence and parental stress level apparent in our study. Such findings may be a sign of the acquisition of independence in adolescents. Parenting stress level seems to have less significant influence during the phase of transition from dependence to independence. Although environmental factors do influence adolescents, individual factors such as the perception of the disease or treatment may play an important role as well. This underscores the importance of including and letting adolescents play an active role in the treatment process.[@CIT0035]

In a previous study, adolescents that are adherent to medication had lower severity of depressive symptoms throughout treatment.[@CIT0029] The participants in this study were, however, in a relatively stable state because they showed relatively low mean HRSD scores, and they did not need to change their medication for at least 1 month before the study. In this sense, we can speculate that such factors believed to be important in the management of depression do not show a clear and simple direct relationship with adherence in stable patients with depressive disorders.

These results, however, need to be interpreted in the context of the following limitations: (1) Although the patients were not informed about the exact results of the MEMS measurements, they were made aware that this study intended to understand adherence. This might have encouraged adherence during the study's relatively short duration, and so the adherence rates might have been inflated by this. (2) The relatively small number of participants and the use of different antidepressants could have influenced the results. Therefore, our findings must be replicated by future studies with larger samples based on more extended follow-up periods.

Conclusion {#S0005}
==========

Subjective measures of adherence and the adherence measured by the MEMS do not show a significant correlation. This suggests that relying on the patient's subjective reports regarding treatment adherence may be unreliable. Application of objective measures of adherence, such as the MEMS and pill count, may be needed to accurately interpret adherence, allowing clinicians to better guide their patients with appropriate education, hence improving adherence. Longer duration of illness seems to better influence and improve adherence. In this sense, patients' improved awareness and understanding of the disease may be the key to better adherence. For better adherence and, eventually, a better clinical outcome, more variables for adolescents with a depressive disorder should be studied in the future.
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[^1]: **Abbreviations:** DSM-IV, Diagnostic and Statistical Manual of Mental Disorders IV; TSES, Toronto Side Effect Scale; HRSD, Hamilton Rating Scale for Depression; CDI, Children's Depression Inventory-Korean version; MPSS, Multidimensional Scale of Perceived Social Support; PSI-SF, Parenting Stress Index-Short Form.

[^2]: **Abbreviations:** MEMS, medication event monitoring system, CI, confidence interval.

[^3]: **Notes:** \*\*Correlation is significant at the 0.01 level (2-tailed), \*Correlation is significant at the 0.05 level (2-tailed).

[^4]: **Abbreviation:** MEMS, medication event monitoring system.

[^5]: **Abbreviation:** MEMS, medication event monitoring system.

[^6]: **Notes:** Pearson correlation coefficient was calculated for clinical scales, and Spearman's rank correlation coefficient was calculated for demographic domains. \*\*Correlation is significant at the 0.01 level (2-tailed).

[^7]: **Abbreviations:** MEMS, medication event monitoring system, TSES, Toronto Side Effect Scale; HRSD, Hamilton Rating Scale for Depression; CDI, Children's Depression Inventory-Korean version; MPSS, Multidimensional Scale of Perceived Social Support; PSI-SF, Parenting Stress Index-Short Form.
